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ABSTRACT 
The p o s t - f l i g h t  p r o d u c t s  f o r  t h e  s e c o n d  Discovery 
f l i g h t ,  STS-19 (51-fiI9 h a v e  been  c o m p l e t e d  and are 
summarized h e r e i n .  The i n e r t i a l  B e a t  E s t i m a t e  
7- t r a j e c t o r y ,  BT19Dl9/UN=169750N9 w a s  d e v e l o p e d  as 
d i s c u s s e d  i n  Section I u s i n g  s p a c e c r a f t  dynamic  
measurements  f r o m  IMLI 2 i n  c o n j u n c t i o n  w i t h  t h e  b e s t  
tracking c o v e r a g e  a v a i l a b l e  t o  date f o r  a n y  of  the 
earlier S h u t t l e  e n t r i e s .  A s  a c o n s e q u e n c e  of t h e  
l a t t e r ,  ar; a n c h o r  e p a z h  w a s  s e l e c t e d  which c o n f o r m s  t o  
a n  i r . i t i a l  a l t i t u d e  of  g r e a t e r  t h a n  a m i l l i o n  f e e t .  The 
Ex tended  BET, ST19BET/UN=274885C, i n c o r p o r a t e d  t h e  
p r e v i o u s l y  men t ioned  i n e r t i a l  r e c o n s t r u c t e d  state 
i n f o r m a t i o n  and t h e  LaHC g e c e r a t e d  L A I R S  a t m o s p h e r e ,  
STl9MET/UN=712662N, w i t h  some minor  e x c e p t i o n s  as 
discussed i n  Section 11. P r i m a r y  and  back-up FIEHOBET 
reels are NK0165 and NK0201, r e s p e c t i v e l y .  T h i s  p r o d u c t  
w a s  only d e v e l o p e d  a v e r  t h e  l o w e r m o s t  360 k f t  a l t i t u d e  
range d u e  t u  a t m o s p h e r e  p r o b l e m s  but t h i s  relates t o  
a l t i t u d e s  w e l l  a b c v e  rneaning5ul  s i g n z l  ir; t h e  I M U s .  
S e c t i o n  I 1 1  presents s u m m a r y  r e s u l t s  g e n e r a t e d  f r o m  t h e  
AEF:EEET + a i  this flight with meaningful c o n f i g u r a t i o n  
and s t a t i s t i c a l  comparrsons f r o m  the p r e v i o u s  t h i r t e e n  
f 1 i gh tc , .  
MMLE f i l e s  were generated based on I M U  2 a n d  
RGA/A& measurements  a5 discus5eci i n  Sec t ion  I V .  Tapes  
g e n e r a t e d  were NK0202 and NK0203 f o r  t h e  I M U  and RGA/AA, 
r e s p e c t  i vel y . 
bppendices attacbed define s p a c e c r a f t  and 
p h y s i c a l  c o n s t a n t s  u t i l i z e d  (Appendix A ) ,  show p l o t s  of 
t h e  +in31 t r a c k i n g  data  res iduals  f rom t h e  p o s t - f l i g h t  
+ i t  (Appendix E), list r e l e v a n t  p a r a m e t e r s  f rom t h e  BET 
at a two(2 )  second spacing (CSppendix C ) ,  and  r e t a i n  f o r  
archivai purposes a l l  r e l e v a n t  i n p u t  and  o u t p u t  t a p e s  
a n d  f ilec, g m e r a t e d  (Appendix D). 
Summary f l i g h t  t i m e s  and e v e n t s  a r e  g i v e n  i n  the 
4ctl luwing t a b l e :  
Anchor Epoch November 16, 1984 40300.0 5ec GMT 
11H 11" 40s 
E v e n t  T i m e  f rom epoch  A l t i t u d e  
(seer;! ( k f t )  
E n t r y  i n t e r + a c e  
I n i t i a l  f l i g h t  e x t r a c t i o n  
Maximum Mach number ( "27)  
M 2 5  
M 2 0  
h15 
M I 0  
M 5  
MZ 
R1 
F a i n  gear deployment  
Weight an w h e e l s  (WOW) 
kteight  or! nose (WONG) 
Stop t i m e  
1038 
1179 
1276 
1472 
1777 
I9EV 
2142 
2354 
2534 
2625 
2877 
2892 
2909 
2955 
400 
320 
272 
242 
217 
190 
165 
1 1 8  
75 
50 
"(3 
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I .  Entry Traiectorv Reconstruction 
1.a. Dynamic Data 
None of t h e  p rob lems  t h a t  s u r f a c e d  d u r i n g  t h e  
O p e r a t i o n a l  R e c o r d e r  d a t a  r e d u c t i o n  f a r  t h e  STS-17 
f l i g h t  w e r e  e n c o u n t e r e d  on t h i s  f l i g h t .  Se l ec t ion  of  
IMU 2 a s  t h e  dynamic  d a t a  source +or STS-19 w a s  r a t h e r  
s t r a i g h t f o r w a r d .  Though mid-va lue  s e l e c t i o n  b a s e d  o n  
t h e  accelerometer measurements  i n d i c a t e d  IMU 3 w a s  
b e t t e r  i n  the y-component,  IMU 2 w a s  s e l e c t e d  i n  t h e  x- 
and z -  d i r e c t i o n s  s o m e  61 and 59 p e r c e n t ,  r e s p e c t i v e l y .  
I n  t e r m s  of t a t a l  a n g l e  as measured  by t h e  g y r o s ,  IMU 2 
r e p r e s e n t e d  mid -va lue  mea5urements  89 p e r c e n t  o+ t h e  
time. T o t a l  a n g u l a r  rate mid-value m e a s u r e m e n t s  were 
e s s e n t i a l l y  s p r e a d  equa lLy  across t h e  t h r e e  IMUs. T h e r e  
w e r e  R C  appreciable d a t a  gaps i n  t h e  0 1  d a t a ,  t h a t  is, 
k b e r e  were none g r e a t e r  t h a n  fotlr (4) s e c o n d s .  A l s o ,  
t h e r e  w e r e  v i r t u a l l y  n o  manual d a t a  d e l e t i o n s  r e q u i r e d .  
C l e a r l y  t h e  d o w n l i s t  f o r  t h i s  f l i g h t  w a s  much m o r e  
r:cminal. 
There P J ~ S  s a m e  s p e r i a f  t r e a t m e n t  r e q u i r e d  +or 
t h i s  + l i g h t  i r r  v i e w  of  t h e  m o r e  l e n g t h y  f i l e s  r e q u i r e d  
ts accomoda te  t h e  a d d i t i o n a l  t r a c k i n g  c o v e r a g e  
a v a i i a b l e .  B e c a u s e  of  d i m e n s i o n a l  c o n s t r a i n t s  i n  t h e  
PREIMU s o f t w a r e ,  dynamic  d a t a  f i l e s  w e r e  d i v i d e d  i n t o  
t w o  time i n t e r v a l s ,  p r o c e s s e d  s e r i a l l y  u s i n g  t h e  s p l i n e  
u t i l i t y  and merged t h e r e a f t e r .  A l s o ,  t h o u g h  of no m a j o r  
-1- 
i m p a c t ,  I M U  3 r e v e a l e d  E u l e r  a n g l e  g i m b a l  f l i p s  r e q u i r -  
i n g  uze of a d i f f e r e n t  E u l e r  sequence. F o r t u n a t e l y  t h e  
software p r o v i d e s  +or such an a l t e r n a t i v e  a s  i t  h a s  
o c c u r r e d  p r e v i o u s l y .  
Figure 1-1 shows plots of the  b a d y - a x e s  d e r i v e d  
rates and a c c e l e r a t i a n s  from IMU 2 for t h i s  f l i g h t .  The 
d a t a  a r e  s t r i p - c h a r t e d  over 500 second i n t e r v a l s  b e t w e e n  
1 1 2 5  ~ ieconds  and 2892 seconds. The f i r s t  t i m e  c o n f o r m s  
to t h e  s t a r t  o f  t h e  AEROBET as d i s c u s s e d  later.  The 
final t i m e  relates to vehicle m a i n g e a r  touchdown, A l l  
s i g n a l  of interest i 5  c o v e r e d  h e r e i n .  
-2-  
1.b. Tracking covhraae 
T r a c k i n g  d a t a  w e r e  o b t a i n e d  f rom f o u r  (4 )  S-band 
r a d a r s  a n d  f o u r t e e n  (14) C-band trackers.  T h i s  
e x t e n s i v e  t r a c k i n g  c o v e r a g e ,  which i n c l u d e d  s t a t i o n s  
f r o m  C a l i f o r n i a ,  A r i z o n a ,  and  New M e x i c o  a s  w e l l  as  
P a c i f i c  a n d  F l o r i d a  s t a t i o n s ,  m a k e s  STS-19 t h e  b e s t  
t r a c k e d  o f  t h e  S h u t t l e  e n t r i e s  to d a t e .  I n  o r d e r  t o  
fully utilize t h e  a v a i l a b l e  t r a c k : i n g  d a t a ,  a t h r e e  (3) 
degree e l e v a t i o n  a n g l e  c o n s t r a i n t ,  r a t h e r  t h a n  t h e  
usual f i v e  ( 5 )  d e g r e e  minimum, w a s  imposed on t h e  p a s s e s  
f r o m  Guan (GWMS), Cali+ornia (VDBC, VDSC), and  o n e  N e w  
M E x i c o  s t a t i o n  (WSSC). For all o t h e r  s t a t i o n s  t h e  
s t a n d a r d  five d e g r e e  minimum e l e v a t i o n  c o n s t r a i n t  w a s  
u s e d .  S i n c e  c i n e - t h e o d o l i t e  data w e r e  nat a v a i l a b l e  
f r o m  the Cape, t h e  end  c o n d i t i o n s  f o r  the r e c o n s t r u c t e d  
t r a j e c t o r y  w e r e  improved  by u t i l i z i n g  p s e u d o  a l t i m e t e r  
data d u r i n g  rollout a n d  pseudo D o p p l e r  data  a f t e r  
v e h i c l e  s t o p  o n  Runway 15 a t  KSC. 
T r a r k i n g  coverages are d e p i c t e d  i n  Figures 1-2 
through 1-4. Figure 1-2 shows t h e  e n t i r e  g r o u n d  t r a c k  
$3;- STS-19, w i t h  tracking s t a t i o n s  shown a s  a n n o t a t e d .  
T i m e c  a n d  c o r r e s p o n d i n g  a l t i t u d e s  a t  500 s e c o n d  
i n c r e m e n t s  a l o n g  the t r a c k  are  a l s o  g i v e n .  A n n o t a t i o n  
+or each t r a c k e r  i n c l u d e s  t h e  g e o g r a p h i c  loca t ion  a n d ,  
- 5 -  
i n  p a r e n t h e s e s ,  t h e  number of trackers at t h a t  complex  
followed by t h e  maximum e l e v a t i o n  a n g l e  measured a t  t h a t  
locale.  D e t a i l e d  t r a c k i n g  coverage is shown i n  Figure 
1-3. T h e  t r a c k i n g  arcs a c t u a l l y  used f o r  t r a j e c t o r y  
r e c o n s t r u c t i o n  are shown by dashed " r a y s "  from t h e  
s t a t i o n s  to t h e  ground t r a c k .  P e r t i n e n t  t i m e s  and 
a l t i t a d e s  are a l s o  g i v e n .  A n  expanded v i e w  of t h e  f i n a l  
approach a n d  l a n d i n g  s e g m e n t  is g i v e n  a s  Figure 1-4. 
Ficronyms and locations far  the STS-19 t r a c k e r s  are g i v e n  
i n  Table f .  
-4- 
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I . c .  Reconstruction r e s u l t s  
The f i n a l  BET s o l u t i o n  f o r  STS-19, BT19Dl9, is 
p r e s e n t e d  i n  T a b l e  11. For c o m p a r i s o n ,  the i n i t i a l  
es t imate  f r o m  t h e  o n b o a r d  n a v i g a t i o n  s y s t e m ,  t h e  JSWTRW 
estimate, a n d  a s t a t e - o n l y  ENTREE e s t i m a t e  are a l so  
g i v e n .  Comparison af the t w o  ENTREE estimates shows 
t h a t  a s i g n i f i c a n t  improvement i n  t h e  f i t  t o  t h e  
t r a c k i n g  d a t a  i 5  a c h i e v e d  b y  e x p a n d i n g  t h e  s o l u t i o n  set 
t o  i n c l u d e  accelerometer scale f a c t o r s .  The s ta te  a n d  
a t t i t u d e  f o r  the f i n a l  s o l u t i o n  are i n  v e r y  close 
a g r e e m e n t  w i t h  t h e  s ta te  o n l y  s o l u t i o n ,  a n d ,  t h e  
i n s t r u m e n t  p a r a m e t e r  errors are i n  a c c o r d  w i t h  the 1 
s i g m a  p e r f o r m a n c e  l e v e l s  o f  100 ppm. T h e r e  is a l so  v e r y  
good a g r e e m e n t  be tween t h e  JSC/TRW a n d  BT19D19 s o l u t i o n s  
b o t h  a t  epoch  and  t h r o u g h o u t  t h e  e n t r y  t r a j e c t o r y .  The 
w e i g h t e d  f i t  s t a t i s t i c s  fo r  BT19D19, b a s e d  o n  7823 
o b s e r v a t i o n s ,  are 1-1 =-0.224 and 0 =1.232. A summary 
of the r e s i d u a l s ,  b y  s t a t i o n  a n d  d a t a  t y p e ,  is g i v e n  i n  
T a b l e  1x1. P l o t s  of t h e  f i n a l  r e s i d u a l s  are p r e s e n t e d  
as Appendix B. Composi te  r e s i d u a l s  are i n c l u d e d  i n  t h i s  
s e c t i o n .  C o m p o s i t e  p o s t - f i t  r e s i d u a l s  are g i v e n  i n  
F i g u r e  1-5 (range, D o p p l e r ) ,  1-6 ( a z i m u t h ,  e l e v a t i o n ) ,  
and 1-7 (X- and Y-ang les ) .  Symbol s  u t i l i z e d  f o r  t h e  
c o m p o s i t e  r e s i d u a l  p l o t s  are as fo l lc rws:  
W w 
-5- 
Key to Symbols for Composite Residuals 
STATION SYMBOL 
GWMS 0 
KMTC 0 
HAWS 0 
KPTC n 
VDBC h 
VD SC 0 
M TLC Q 
SPKC 0 
wssc 0 
WHSC Cl 
HOLC 0 
MILS El 
MLXS 0 
MLMC A 
MLAC EL 
PATC b 
CNMC Q 
CNVC 0 
Comparisons of t h e  final BET position and velocity 
af ter  rcfioil t  an Runway 15 versus survey values are: 
End conditions at v e h i c l e  stop (Runway 15 coordinates) 
X , + t  
Survey 
12180 
BT19D19 
12201 
23 
16 
- . @ I  
.20 
- 0 4  
Figure 1-8 presents plots 0.F the BET during 
rollout. Surveyed v a l u e s  are depicted thereon. Vehicle 
stop occars 2925 seconds af te r  epoch. 
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I I. Ex tended BET Development 
The a t m o s p h e r e  s e l e c t e d  +or STS-19 (51-A) w a s  t h e  
LAIRS +ile d e v e l o p e d  by  J. M. P r i c e ,  LaRC AB/SSD, 
d e s i g n a t e d  as ST19MET/UN=712662N. S e l e c t i o n  of t h i s  
a tmosphe re  is v i n d i c a t e d  i n  t he  f i r s t  f e w  f i g u r e s  
p r e s e n t e d  i n  t h e  s e c t i a n .  Compar isons  are p r e s e n t e d  
b a s e d  on thes ic  d a t a  and the u s u a l  f o u r ( 4 )  a l t e r n a t i v e  
S C J L I ~ C ~ S ~  namely: t h e  NOAA " to t em-po le"  data d e r i v e d  f r o m  
t h e  3SC BET, the MSFC G l o b a l  R e f e r e n c e  Atmosphere Model 
(GRAM), the USEIF 1978 R e f e r e n c e  Atmosphere (CIF781, and 
S h u t t l e  derived p a r a m e t e r s .  Symbols  u t i l i z e d  on t h e  
p l o t s  are s h o w n  b e l o w :  
0 LA I RS 
a GRAM 
0 AF78 
e NOAA 
i l e n s i t y ,  t e m p e r a t u r e ,  and  p r e s s u r e  ro rnpa r i sons  
are presented as Figures 11-1 t h r o u g h  11-3, 
r e s p e c t i v e l y .  Two a l t i t u d e  r e g i o n s  are shown on  e a c h  
altitude p l c t s  c o v e r  the region between 350 k f t  and  150 
k f t .  The l c t w e r r n c s t  200 k f t  is c o v e r e d  i n  t h e  
rnessGt-exent density sources  are  i n  b e t t e r  aq reemen t  w i t h  
t k e  S h u t t l e  d e r i v e d  data t h a n  p i t h e r  of t h e  mode l s -  The 
xad2 l s  tend to depar t  t a w a r d  a more d e n s e  estimate above  
- 2 2 -  
ORKIfNAL PAGE IS 
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100 k f t  whereas t h e  t w o  remote sources are in reasonable 
a q r e e m e n t .  Of course ,  n e i t h e r  source can be  e x p e c t e d  t o  
r e f l e c t  t h e  d e n s i t y  s t r u c t u r e  v i s i b l e  i n  t h e  acceler- 
ametry. The major d i s c r e p a n c i e s  be tween t h e  remote 
suurces t o  are i n  t h e  n a r r o w  i n t e r v a l  be tween 
a l t i t u d e s  OS 230 and 260 k f t  and, s u r p r i s i n g l y ,  a f a i r l y  
broad  r e g i o n  c e n t e r e d  a round a n  a l t i t u d e  of  150 k f t .  
ike of t h =  NOAA d a t a  w o u l d  i n d i c a t e  an u n d e r p r e d i c t e d  
seradynamic d a t a  b a s e  error a t  h"250 k f t  which is n o t  
t y p i c a l  of t h e  p l ' ev ious  f l i g h t  r e s u l t s .  T h e r e i n ,  LAIRS 
w s c ; d  a p p e a r  t o  be m a r e  a p p r o p r i a t e .  The d i f f e r e n c e  
at xhe f a w e r  a l t i t u d e  r e f l e c t s  a n  i m p l i e d  d a t a  b a s e  
c v e r p r - e d i c t i o n  d i f f e r e n c e  d e p e n d e n t  upon which d e n s i t y  
s a u r c e  is s e l e c t e d ,  e . g . ,  an a d d i t i o n a l  s i x  (6) p e r c e n t  
g v e r p r e d i c t i o n  would De s u g g e s t e d  by t h e  LAIRS d a t a .  
T h r o u g h o u t  t h i s  i n t e r v a l ,  ?he LAIRS d a t a  are i n  b e t t e r  
a g r e e m e n t  w i t h  t h e  t w o  models.  Thus, on t h e  basis of 
a t m o s p h e r i r  d e n s i t y  a lone ,  t h e  LfiIRS f i l e  w a s  s e l e c t e d .  
T h i s  is also t r u e  f o r  p r e s s u r e  as c a n  be seen i n  Figure 
11-3 b u t  n o t  s u b s t a n t i a t e d  i n  t h e  t e m p e r a t u r e  plot of 
Figure 11-2. It is n o t e d  t h a t  the LAIRS d e n s i t y  d a t a  d o  
t e n 3  to depart  q u i t e  d r a s t i c a l l y  above 350 k f t ,  a c t u a l l y  
e; iCSedif ig  50 percent of S t a n d a r d  above Z 6 0  k d t .  A s  a 
conseqocnce ,  t h e  AEROEET &r,d GTFILEs w e r e  o n l y  g e n e r a t e d  
D z l z w ,  t h i s  a l t i t u d e .  T h i s  is of n o  c o n s e q u e n c e  since 
~L!-';E z p p e r  a l t i t l ; d e  i s  still. s u b s t a n t i a l l y  above t h a t  
t z u r ~ e s p 0 n d i n g  t o  rneaning+:LIP s i g n a l  i n  t h e  IMUs. 
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Wind c o m p a r i s o n s  are  shown as F i g u r e s  11-4 and 
11-5 f o r  t h e  t w o  remote s o u r c e s  a n d  t h e  GRAM d a t a .  I n  
g e n e r a l ,  t h e  major Eas t -West  component  is i n  good 
a g r e e m e n t ,  Above 50 k f t  orie h a s  l i t t l e  r e c o u r s e  b u t  t o  
r e v i e w  t h e s e  d a t a  f o r  r e a s o n a b l e n e s s .  I n  the s u b s o n i c  
r e g i m e  e v a l u a t i o n s  w e r e  mads based on t h e  i n  s i t u  s i d e  
p r o b e  measurements .  T h e s e  c o m p a r i s o n s  are summar ized  as 
F i g u r e s  11-6 ar;8 11-7. The f i r s t  of  t h e s e  t w o  f i g u r e s  
c,hcwt, t h e  L A I R S  and N O W  w i n d s  s u p e r i m p o s e d  o n  c h a r t s  
rontaining b o t h  b a t c h  a n d  d e t e r m i n i s t i c  es t imates  of t h e  
- i r- .-,=. t-4 ? ; h ~  n o t a t i o n ,  FLAIR19, is made since t h e  LaRC 
Q i l e  ;;a13 tcl be m o d i f i e d  s l i g h t l y  a t  t h e  l o w e r  end .  The 
a c i d i f i c a t i o n  icvofved merg ing  t h e  NOAA a t m o s p h e r e  over 
t h e  b o t t o m  2 k f t  whfreir: t h e  L A I R S  d a t a  w e r e  i n c o m p l e t e .  
F i g u r e  11-7 s h o w s  r e s i d u a l  d i f f e r e n c e s  be tween  t h e  i n  
situ a i r  d a t a  p a r a i n e t e r s  and t h o s e  computed b a s e d  on the 
F L A I R 1 9  d a t a .  The r e s u l t s  shown o n  e a c h  of  t h e s e  l a s t  
t w o  f igur -es  a re  w e l l  w i t h i n  t h e  a c c u r a c y  of q u a n t i f y i n g  
t h e  subsonic winds .  Thus ,  t h e  LAIRS d a t a ,  m o d i f i e d  as 
sugc je s t ed ,  here a d o p t e d .  
-, trie r e m a i n i n g  +sur + i g u r ~ s  i n  t h i s  s e c t i o n  s i m p l y  
c,hovj the f i n a l  a t m o s p h e r i c  p a r a m e t e r s  for STS-19. The 
3 i n a l  t e m p e r a t u r e  p r o f i l e  is p l o t t e d  i n  F i g u r e  11-8 o v e r  
t h e  l o w f r m o c , t  360 k f t .  S i m i l a r i l y ,  f i n a l  d e n s i t y  and  
p r e s c , u r e  p r o + i l e s  are s h o w n  i n  F i g u r e  11-9 and  11-10, 
r e s p e c t f u l l y .  Fcnally, s o u t h w a r d  and  wes tward  wind 
pi-&ile5 are  shown i n  F i g u r e  11-11. 
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Fig. 11-3 STS-19 (51 -A) pressure comparisons - 29- 
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Figure 11-5 East-West wind comparisons for STS-19 - 
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Figure 11-1 1 Final a tmospneric  winds for STS-19 (51-A) 
Section I I I -  Aerodynamic BET development and summary 
results 
T h i s  s e c t i o n  summar izes  t h e  STS-19 a e r o d y n a m i c  
r e s u l t s ; .  T h e s e  d a t a  were p l o t t e d  f r o m  t h e  p r i m a r y  
AEROBET g e n e r a t e d  f o r  t h i s  + l i g h t ,  namely ,  NKOl65. 
T h e s e  d a t a  w e r e  g e c e r a t e d  b a s e d  on t h e  p r e v i o u s l y  
d i s c u s s e d  i n e r t i a l  BET and t h e  s e l e c t e d  a t m o s p h e r e .  01 
d a t a  d e f i n i n g  RCS and  c o n t r o l  s u r f a c e  d e f l e c t i o n s  w e r e  
o b t a i n e d  f r o m  NKO785, t h i n n e d  t o  1 Hz and  o u t p u t  on reel 
NPQ302. M a s s  p r o p e r t i e s  u t i l i z e d  are g i v e n  i n  Appendix 
fi. 
A l t i t u d e ,  a l t i t u d e  rate,  dynamic  p r e s j s u r e ,  and  
Mach number are  p l o t t e d  as Figures 111-1 t h r o u g h  111-4, 
r e s p e r t i v e l y .  Each are p l o t t e d  v e r s u s  t i m e  f r o m  e p o c h ,  
w i t h  t h e  l a t t e r  t h r e e  v a r i a b l e s  p l o t t e d  v e r s u s  a l t i t u d e  
a5 w e l l .  The h y p e r s o n i c  vi5cous p a r a m e t e r  is p l o t t e d  
versus a l t i t u d e  i n  Figure 111-5 as is R e y n o l d s  number i n  
F i g u r e  111-6 - R i r  r e l a t i v e  a t t i t u d e  angles; 
angle-of -at tack,  side-slip angle, and  r o l l  angle are 
p r e s e n t e d  versus M a c h  and  a l t i t u d e  i n  the n e x t  t w o  
f i g u r e s .  The p l o t  versus Mach number,  F i g u r e  111-7, 
sjhuwcj  thereon (as a. s h a d e d  region) the r a n g e  of  a's 
.flown op. t h e  previous f l i g h t s .  
S t r i p  c h a r t s  of the s p a c e c r a f t  d y n a m i c s  v e r s u s  
M a c h  number  are next p r e s e n t e d  (see F i g u r e  111-9). 
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ContTc l  s u r f a c e  d e f l e c t i o n s  v e r s u s  Mach and  a l t i t u d e  a s  
w e l l  as  HCS a c t i v i t y  v e r s u s  Mach are shown i n  t h e  n e x t  
t h r e e  f i g u r e s .  CSgain, Figure 111-10, t h e  p l a t  v s .  Mach, 
shows t h e  p r e v i o u s  r a n g e  of  c o n t r o l  s u r f a c e s  a v a i l a b l e .  
The a d d i t i o r , a l  e l e v o n  o p p o r t u n i t i e s  a v a i l a b l e  w i t h  t h i s  
f l i g h t  are v i s i b l e  by i n s p e c t i o n .  
Figures 111-13 and 111-14 show t h e  v e r y  
i n t e r e s t i n g  f l i g h t / d a t a  b a s e  c a m p a r i s o n  r e s u l t s  f o r  t h i s  
m i s s i o n .  again, s h a d i n g  is s u p e r i m p o s e d  t o  show 
?reuious h i z t o r y ,  i n  t h i s  S E ~ S E  f r o m  a s t a t i s t i c a l  
perzpect ive.  The s h a d i n g  r e f  l z c t s  a 2 lo band a r o u n d  
th2 mean p r e d i c t i o n  error computed f rom t h e  e n s e m b l e  
+lights. I t  is noted t h a t  t h e  l a r g e r  o v e r p r e d i c t i o n  
suggested arozr?d Mach 7 conforms t o  t h e  150 k f t  r eg imn  
dic,cuc,scd earlier as a potential prob lem area. The 
ather o t 3 v i o ~ t s  d e p a r t u r s  s u g g e s t e d  n e a r  M a c h  21 o c c u r s  a t  
i-?*220 k C t  and would b e  v i r t u a l l y  i d e n t i c a l  no  matter 
wi:iCh r e m t e  atmosphere w e r e  s e l e c t e d .  T h i s  does n o t  
i m F i y  that t h e  d i s c r e p a n c y  is not a t m o s p h e r i c  i n  o r i g i n .  
TRe p i t c h i n g  moment d i f f e r e n c e  c u r v e  r e q u i r e d  
ir:cieaseci s c a l e s  t o  a v o i d  z a t u l - a t i o n  on t h e  plot i n  v iew 
9" t h e  ! ra ther !  lar-92 d i s c r e p a n c y  w i t h  r e s p e c t  to t h e  
d a t a  base. T h i s  w a s  only t r u e  when p l o t t e d  a s  a 
percentage d i f f e r e n c e  i n  t h e  &i5% r e f e r e n c e ,  n o t  when 
-40- 
presented in the flight c . q .  (Figure 111-15). This also 
had to be done for STS-17 which heretofore governed the 
m o s t  negative (upward) hypersonic elevon setting. 
Consequently, that flight also had been the most forward 
i=.g. flight until STS-19. Thus ,  over the past two 
flights t h e  forward c.g. envelope has increased by 
approximately 4-5 inches;. This flight's longitudinal 
c.g. profile versus Mach is shown as the last figure 
herein with t h e  previous flights superimposed thereon. 
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Figure 111-1. STS-19 altitude time history 
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Figure 111-2. STS-19 descent rate versus time and altitude 
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Figure 111-3. STS-19 dynamic pressure vs. time and altitude 
-44- 
Mach 
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Figure 111-4. STS-19 Mach number versus time and altitude 
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Figure 111-7. STS-19 a, B and Q vs. Mach 
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Figure 111-8. STS-19 a, j9 ana Q vs. h 
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Figure III-9. STS-19 dynamic data vs. Mach 
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Figure III-10. STS-19 control surfaces vs. Mach 
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Figure XU-1 1. STS-19 conirol sxfaces vs. altitude 
-53- 
3 
2 -  
0. 
3 I 
1 -  
I I I I I I I I  I 1 1 1 I I I 
3 
3 -  c 
0 ,  
YAWP JETs 
41 
1 -  
I I I I I I 1 1  I 1 I 1 1 1 1 
YAWN JETs 
I 
3 
2 -  
0 
3t 
1 -  
I I I I I I I  I I I I I I I 
I 
2s 3.0 4.1 6.0 0.0 10.0 IS0 20.0 U O ;  LO 
Mach 
Figure III-12. STS-19 RCS firings vs. Mach 
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Figure III-13. STS-19 lift, drag, and L/D differences 
-55- 
ACA , percent 
15 
0 
-1 5 
-30 
-45 
AC, , percent 
5 
0 
-5 
-1 0 
-1 5 
-20 
AC, , percent 
120 
90 
60 
30 
0 
-30 
-60 
-90 
-1 20 
-1 50 
-1 80 
-21 0 
-240 
.3 .40 
Mach 
Figure 111-1 4. STS-19 axial. normal, and momeni differences -56-  
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Figure IIi-16. STS-19(51-A) c.g. profiles vs. Mach 
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I V .  MMLE input f i l e  generation 
For t h i s  Discovery f l i g h t  GTFILEs were created 
us ing  t h e  only two poss ib le  sources of spacecraf t  
dynamics, i.e., IMU and R G W A A .  The IMU GTFILE was 
output  on r e e l  NK0202. The RGAl/AAl f i l e  was created by 
i nco rpo ra t i ng  these channel 1 measurements as 
replacements t o  t h e  I M U  der ived body axes components. 
The output  r e e l  f o r  t h e  RGA/AA f i l e  was NK0203. The 
RGA/AG data were c a l i b r a t e d  versus t h e  I M U  measurements 
us ing  t h e  t ime i n t e r v a l  biases shown in Figure IV-1. 
Maneuvers e f fec ted  dur ing  the mission are  as given in 
Table I V .  Spacecraft m a 5 5  p r o p e r t i e s  a re  given in 
Appendix A. 
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L O N G I T U D I N A L  MANEUVERS 
START TIME 
H:M:S Sec.  f r o m  epoch 
1 1  : 32: 47 
11:40:11 
1 1  : 42: 39. Z 
11: 46: 48 
I 1 : 48: 30.5 
1 1  : 50: 24.5 
11:51:39.5 
1 1 : 52: 57 
1 1  : 54: 26 
11:55:46 
1 2 6 7  
1 7 1 1  
1859.5 
2 1 0 8  
2210.5 
2324 I 5 
2399.5 
2477 
2566 
2646 
STOP TIME 
H:M:S Sec.  f r o m  epoch 
1 1 : 32: 57 1277 
11: 40: 22 1722 
1 1  : 42: 52 1872 
11: 46:54 21 14 
11 : 48: 37 2217 
1 1  : 50: '36 2336 
1 1  : 5 1  : 43 2403 
1 1  : 53: 00 2480 
1 1  : 54: 30 2570 
1 1  : 55: 49 2649 
LATERAL D I R E C T I O N A L  MANEUVERS 
S T A R T  TIME STOP TIME 
H:M:S Sec. f r o m  epoch H:M:S Sec .  f r o m  epoch 
1278 
1 7 2 1  
1 8 5 1  
2 1 0 0  
2202 
2320 
2392 
2468 
2 5 1 8  
2559 
2&39 
11: 33: 06 
11: 40: 29 
i 1: 42: 40 
1 1  : 46: 48 
11: 48: 30 
11:50: 28 
11: 51 :3? 
11: 52: 56 
1 1 : 53: 52 
1 1 : 54: 25 
1 1 : 55: 46 
1286 
1 7 2 9  
1860 
2108 
2210 
2328 
2399 
2476 
2532 
2565 
2646 
Table  I V .  STS-19 (51-4) maneuver p e r i o d s  fo r  extract ion 
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(c) Yaw rate statistics versus time 
Figure IV-1. STS-19 signal differences 
(IMU2 - RGAl/AAl) -61- 
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(e) Y-body acceleration statistics versus time 
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(f) Z-body acceieration statistics versus time 
Figure I V - I .  (concluded). -62- 
APPENDIX A 
Spacecraf t  and Physical  Constants  
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Table A-1 
STS-19 IMU attitude matrices @ epoch 
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Table A - l  
(continued) 
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Table A-1  
(concluded) -66- 
Planet Parameters 
Physical Model 
Polar  Radius: 
Equator ia l  Radius: 
Rotat ional  Rate: 
Gravity Model 
Central  mass, 1.1: 
Runway 15 Location: 
Al t i tude :  
Geodetic Lat i tude:  
Longitude: 
Azimuth: 
20,855,591.48 f t  
20,925,741.47 f t  
.7292115147E-4 rad /sec  
.1407646853E17 ft3/sec2 
-10827E-2 
.256E-5 
.158E-5 
.157E-5 -. 897E-6 
-199 f t  (above e l l i p s o i d )  
28.632927 deg 
279.293967 deg 
149.988300 deg 
Location of I M U  r e l a t i v e  t o  center -of -gravi ty  i n  Body coord ina tes  
(Assumed constant f o r  e n t r y  recons t ruc t ion)  
XB 
YB 
ZB 
56 f t  
0.0 f t  
-4 f t  
Spacecraf t  aerodynamic reference parameters 
Reference Area 
Span 
Chord 
2690 f t 2  
78.057 f t  
39.567 f t  
Average At t i t ude  Computations @ Epoch (40300 sec)  
I M U l  I M U 2  IMU3 1.I 0 -
$J (deg) 53.5973 53.7039 53.8372 53.7128 0.1202 
8 (deg) -70.9376 -70.9698 -70.9500 -70.9525 0.0163 
0 (deg) 1.7865 1.6782 1.5600 1.6749 0.1133 
TABLE A-2 
Planet and Spacecraf t  Data Used f o r  
BT19D19, STlgBET, and AEROBET Generation 
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Weight and Center-of-Gravity (c.g.) Location 
'CG - 'CG - 'CG EVENT TIME WEIGHT - - 
(sec from epoch) ( lbs )  (inches i n  Orb i t e r  S t ruc tu ra l  Reference) 
E 1  1038 209163.7 1083.4 -0.2 372.5 
M3 2472 207982.7 1081.4 -0.2 371.8 
Landing 2892 207505.7 1082.6 -0.1 369.1 
Moments and Products of I n e r t i a  
I Y Z  - I X Z  -I XY -I Z Z  - I Y Y  -I X X  EVENT -
E 1  892717.1 6813738.2 7106750.5 -518.2 160614.3 -1427.0 
M3 886776.1 6773938.5 7068818.4 46.4 149294.8 -1303.3 
Landing 915161.5 6787282.8 7057585.3 717.1 140210.9 - 1176.8 
NOTES 
E 1  values assumed a t  epoch 
Mach 3 values held constant u n t i l  gear  deploy (t=2877 ), 
landed values adopted t h e r e a f t e r  
S 
TABLE A-3 
STS-19 mass prope r t i e s  
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. 
APPENDIX B 
Final  residuals for STS-19 trajectory reconstruction 
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Fig. B-1. Smoothed residuals versus time for GWMS. -70- 
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Fig. B-2. Smoothed residuals versus time for KMTC. 
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Fig. B - 3 .  Smoothed residuals versus time for HAWS. 
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Fig. 8-4. Smoothed residuals versus time for KPTC. 
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Fig. B-5. Smoothed residuals versus time for VDBC. 
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Fig.  B-6. Smoothed residuals versus time for VDSC. 
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Fig. B-7. Smoothed residuals versus time for MTLC. 
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Fig. B-8. Smoothed residuals versus time for SPKC. 
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F i g .  B-9. Smoothed residuals versus t i m e  for WSSC. 
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Fig.  B-10.  Smoothed residuals  versus time for WHSC. 
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Fig. B-11. Smoothed residuals versus time for HOLC. 
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Fig. B-12. Smoothed residuals versus time for MILS. 
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-82-  Fig. B-13. Smoothed residuals versus time for MLXS. 
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Fig. B-14. Smoothed residuals  versus time for MLMC. 
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F i g .  B-15. Smoothed residuals versus time for MLAC. 
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Fig .  B-16. Smoothed residuals versus time fo r  PATC. 
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Fig. B-17. Smoothed residuals versus time for CNMC. 
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Fig. B-18. Smoothed r e s idua l s  versus  time f o r  CNVC.  
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(pseudo data). 
APPENDIX C 
Listing of trajectory and a i r  r e l a t ive  parameters 
from f ina l  STS-19 (51-A) Extended BET 
a t  two(2) second in te rva ls  
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Appendix D 
STS-19 Archival Products 
-142- 
D . 1  STS-19 O u t p u t  Products 
7 
NAME -_ DESCH I P T  I= 
BT19D19/UN=169750N F i n a l  r e c o n s t r u c t e d  t r a j e c t o r y  
( 4 0  word furmat p e r  AMA 81-1) 
ST19BET/UN=274885C F i n a l  e x t e n d e d  BET 
(66 word format per AMA 81-11) 
FJAVBS 1 A/UPJ=399 1 Q2C STS-19 onboard n a v  BET 
f b t  word format) 
FLAIR19/L!N=2748Et5C F i n a l  LAIRS f i l e  far STS-19 
(ST 19MET /un=7 12662N w i th NOAR 
data b e l o w  2 . 1  k f t )  
TF:WST 19/UN==274885C Fief ormattred JSC/TRW BET 
166 word format)  
IPlRGA19/UN=274885C S i g n a l  d i f f e r e n c e  f i l e  
l I M U  2 - HGAl/AAl) 
FZEL ~ _ _ _ _ _ _  DESCRIPTION 
STS-19 AEROBET 
(201 w o r d s  p e r  AMA 62-91 
25 Hz SMU 2 GTFILE 
<62 w o r d s  p e r  ANA 81-20) 
Nk; 0 2 2 2 25 H r  u n r e c t i f i e d  RGAl/AAl f i l e  
25 H z  b i a s  r e c t i f i e d  RGAl/AAI f i l e  
( i npu t  tape f a -  NK0203) 
N T 06 3 f i n a l  STS-19 r e s i d u a l s  f r o m  BT19D19 
N20E349 E d i  t t e d  t r a c k i n g  t a p e  
p.i p03; j z  1 Hz 01-2 f o r  AEEOEET g e n e r a t i o n  
%PO264 20 Y z  IMU 2 f i l e  i n  body a x e s  
iralibratcd from BT19DlS s o l u t i o n ,  
used for STlSEET, AERCiBET and GTFILE) 
D y n a m i c  d a t a  for r e c o n s t r u c t i o n  
( 2 0  Hz IMU 2 d a t a  i n  p l a t f o r m  
-143- 
D.2 Source Tapes Received via NASA LaRC 
i a )  T / M  TAPES 
REEL - DESCRXPTION 
NH1178/NR081EI m-1 
N K 0 7 85 01-2 
NW02 14 01-3 (source f o r  RGAl/AA) 
c 
“0432 01-4 
NE0227 01-1 f r o m  CBETlF 
I b )  TRACKING TAPES 
?.ID1229 JSC/TRW t r a c k i n g  data 
NE062A G o d d a r d  Space Flight C e n t e r  data 
NW0453 JSC/TRW descent BET 
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